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1. INTRODUCTION {#jper10451-sec-0050}
===============

A frequent complication associated with orthodontic space closure, for example after permanent tooth extraction, is development of a gingival cleft (GC), often also called invagination/infolding/duplication/crease. In this context, extraction of permanent teeth is a frequent component of orthodontic treatment; specifically, tooth extraction (excluding third molars) is performed in ≈25% of the patients, whereas in 10% to 15% of the patients all first premolars are extracted.[1](#jper10451-bib-0001){ref-type="ref"} GCs have been reported to develop in about 35% to 100% of the extraction cases and are more frequent in the mandible.[2](#jper10451-bib-0002){ref-type="ref"}, [3](#jper10451-bib-0003){ref-type="ref"}, [4](#jper10451-bib-0004){ref-type="ref"}, [5](#jper10451-bib-0005){ref-type="ref"}, [6](#jper10451-bib-0006){ref-type="ref"} In general, GC can appear on the buccal, lingual, and occlusal aspect or they can extend across the alveolar ridge from the buccal to the lingual (Figure [1A--1C](#jper10451-fig-0001){ref-type="fig"}). The vertical and horizontal extent of infolded tissue indicates the severity of the GC. A GC may present as a minor crease in the gingiva, but may also extend into the alveolar ridge, that is, presenting as a bone defect.[7](#jper10451-bib-0007){ref-type="ref"} A defect depth in the soft tissues of 1[5](#jper10451-bib-0005){ref-type="ref"} or 2 mm,[4](#jper10451-bib-0004){ref-type="ref"} has been previously proposed as case‐definition criterium of a GC.

![(**A**) A through‐and‐through gingival cleft between the canine and second premolar, which developed during space closure after extraction of the first premolar. The cleft is extending from the lingual (**B**) to the buccal (**C**) indicated by the white arrows. By means of a periodontal probe, the depth of a gingival cleft can be probed (**D**) vertically in a 90° angle to the occlusal plane and (**E**) the width horizontally and parallel to the occlusal plane. (**F‐L**) Representative patient case developing gingival clefts during orthodontic space closure after extraction of the first premolars in the lower jaw; (**F**) before starting orthodontic treatment, (**G**) after alignment of the posterior teeth, (**H**) after extraction of both teeth (healed extraction socket on the right and the fresh extraction socket on the left side), (**I**) after 3 months, and (**J**) at final evaluation. Gingival clefts developed at the right (**K**) and left (**L**) side between the canine and second premolar indicated by the white arrows](JPER-91-572-g001){#jper10451-fig-0001}

Development of a GC can be problematic from both an orthodontic and periodontal aspect. Specifically, a GC can delay or prevent complete space closure, cause relapse (re‐opening) after space closure, or impair the aesthetic outcome of treatment.[2](#jper10451-bib-0002){ref-type="ref"}, [8](#jper10451-bib-0008){ref-type="ref"}, [9](#jper10451-bib-0009){ref-type="ref"}, [10](#jper10451-bib-0010){ref-type="ref"}, [11](#jper10451-bib-0011){ref-type="ref"} Further, presence of GC also impairs oral hygiene and is associated with increased probing pocket depths (PD) and increased attachment loss at the neighboring teeth.[2](#jper10451-bib-0002){ref-type="ref"}, [4](#jper10451-bib-0004){ref-type="ref"}, [5](#jper10451-bib-0005){ref-type="ref"}, [11](#jper10451-bib-0011){ref-type="ref"}, [12](#jper10451-bib-0012){ref-type="ref"} Two main mechanisms regarding GC development are considered in the literature: (a) an increased amount of alveolar bone loss (in height and width) after tooth extraction might cause invagination of the soft tissue, or (b) the mechanical compression of the gingiva in combination with reduced tissue remodeling leads to a piling‐up of the soft tissue and GC development (for review on GC see:[13](#jper10451-bib-0013){ref-type="ref"}, [14](#jper10451-bib-0014){ref-type="ref"}).

In this context, the time‐point of orthodontic space closure initiation after tooth extraction has been discussed to have an impact on the risk of GC development. In a preclinical trial study in dogs, early tooth movement after extraction reduced the risk of GC development compared to delayed movement (i.e., 12 weeks after tooth extraction).[15](#jper10451-bib-0015){ref-type="ref"} Additionally, in a very recently published clinical trial[3](#jper10451-bib-0003){ref-type="ref"} a tendency for a somehow lower GC incidence with early versus delayed movement for space closure (i.e., 2 to 4 weeks versus ≥12 weeks after tooth extraction) was reported. Further, in one retrospective evaluation of 30 patients, in sites developing GC, orthodontic space closure initiation was on average 7.5 months after extraction, whereas in sites not developing GC, orthodontic space closure initiation was on average 3.3 months after extraction.[2](#jper10451-bib-0002){ref-type="ref"} Yet, in another retrospective evaluation of 40 patients, of whom 14 had developed a GC, no relationship between presence or severity of the GC and the time period between tooth extraction and orthodontic space closure was detected.[5](#jper10451-bib-0005){ref-type="ref"} Thus, the information on this topic is scarce and controversial.

The aim of the present split‐mouth study was to assess whether the time‐point of orthodontic space closure initiation, that is, early versus delayed, after permanent tooth extraction affects the incidence of GC development.

2. MATERIALS AND METHODS {#jper10451-sec-0060}
========================

2.1. Study population {#jper10451-sec-0070}
---------------------

The study protocol of the present randomized controlled clinical split‐mouth trial was approved by the ethics committee of the Medical University of Vienna (EK‐Nr. 105/2011) and the study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2013. Oral and written informed consent was obtained from all participants, or their legal representatives prior to any intervention. Reporting complies with the CONSORT guidelines[16](#jper10451-bib-0016){ref-type="ref"} and the study was registered on clinicaltrials.gov (No.: NCT01402323). Patients attending the Division of Orthodontics (University Clinic of Dentistry, Medical University of Vienna, Austria) from 10/2011 until 03/2017 were recruited based on the following eligibility criteria: (1) orthodontic treatment plan including bilateral extraction of the first or second premolar in the upper or lower jaw (if bilateral premolar extraction was planned for both the upper and lower jaw, both jaws were included); (2) ≥10 years of age; (3) no systemic diseases; (4) no periodontitis; and (5) space closure performed by means of an open coil spring for reciprocal force on the adjacent teeth.

2.2. Study design {#jper10451-sec-0080}
-----------------

After alignment of the posterior segment, one of the premolars (i.e., right or left premolar) was randomly chosen by coin toss for extraction 8 weeks before space closure initiation (i.e., delayed movement \[DM\] group). The contralateral premolar was extracted only 1 week before space closure initiation (i.e., early movement \[EM\] group). Thus, tooth movement was performed either towards a relatively healed or fresh extraction socket ("treatment group"). The time‐point of space closure initiation was defined as baseline (BL), and an assessment was scheduled after 3 months (3 m) and 6 months (final evaluation \[FE\]), respectively (Figure [2A](#jper10451-fig-0002){ref-type="fig"}).

![(**A**) Study design (3 m, 3 months evaluation; BL, baseline; DM, delayed movement; EM, early movement; FE, final evaluation; GC, gingival cleft; PM, premolar). (**B**) CONSORT flowchart of the study](JPER-91-572-g002){#jper10451-fig-0002}

2.3. Orthodontic treatment and tooth extraction {#jper10451-sec-0090}
-----------------------------------------------

Orthodontic treatment started with alignment of the posterior segments with 0.022″ self‐ligating brackets and nickel‐titanium archwires. Upon insertion of a 0.017 × 0.025 stainless steel archwire, one of the premolars was extracted with forceps specifically designed for minimally traumatic tooth extraction.[1](#jper10451-note-0001){ref-type="fn"} This was performed by rotation and traction movements without flap elevation or any digital compression of the socket after tooth extraction. No orthodontic forces were applied for the following 8 weeks, and the space at the extraction site was kept stable by means of a closed coil spring. After 7 weeks, the contralateral premolar was extracted in the same fashion as above. One week after the second tooth extraction space closure was initiated by attaching nickel‐titanium coil springs[2](#jper10451-note-0002){ref-type="fn"} with 200 cN of reciprocal force to the brackets adjacent to the extraction sites. Regular check‐up and, if required, re‐activation were scheduled every 4 to 6 weeks.

2.4. Evaluated parameters {#jper10451-sec-0100}
-------------------------

Standard patient information (i.e., age, gender, jaw, and craniofacial growth before starting orthodontic treatment) were recorded. Craniofacial growth was diagnosed on lateral cephalograms by calculating Jarabak\'s angular sum of Björk\'s polygon (i.e., nasion‐sella‐articulare + sella‐articulare‐constructed gonion + articulare‐constructed gonion‐menton).[17](#jper10451-bib-0017){ref-type="ref"} The craniofacial growth was divided into three categories based on the angular sum (i.e., horizontal growth: \< 394°; regular growth: 394 to 398°; vertical growth: \> 398°). Further, the following parameters were registered at time‐point of tooth extraction by a blinded examiner: Gingival biotype, measured before tooth extraction, with an endodontic needle, at the center of the base of the mesial and distal papilla; gingival biotype was judged as "thin" if both values were ≤2 mm, and as "thick" if at least one of the values was \>2 mm.Buccal bone dehiscence, judged as "present" if the buccal alveolar crest was ≥2 mm lower compared to the lingual bone level.

And at BL, 3 m, and FE, also by a blinded examiner: Gap extent, that is, the mesio‐distal distance (in mm) of the gap measured at the height of the gingiva with a manual caliper on cast models made from alginate impressions.Space closure, that is, the difference in gap extent (a) between BL and 3 m and (b) between BL and FE.PD (mm), absence/presence of bleeding on probing (%; BoP), and absence/presence of plaque index (%; PI) were assessed at BL and FE at three sites each. Specifically, at the distal aspect of the mesial adjacent tooth and at the mesial aspect of the distal adjacent tooth (i.e., disto‐lingual, distal, and disto‐buccal at the mesial tooth and mesio‐lingual, mesial, and mesio‐buccal at the distal tooth).GC, absence/presence at 3 m and FE; a GC was classified as present when it was ≥1 mm deep or wide.GC severity, at 3 m and FE; that is, depth of the GC in mm (vertically in 90° angle to the occlusal plane with a periodontal probe) and width of the GC in mm (horizontally and parallel to the occlusal plane with a periodontal probe from the buccal and/or lingual aspect and the deeper value was recorded) (Figure [1D‐E](#jper10451-fig-0001){ref-type="fig"}).GC type; that is, buccal, lingual, or through‐and‐through.

2.5. Statistical analysis {#jper10451-sec-0110}
-------------------------

No clinical data from previous studies were available at the time‐point of initiation of the present study. Thus, no sample size calculation could be performed based on the primary outcome parameter "incidence of GC"; hence, 25 patients were recruited. Normal distribution of all data was confirmed graphically by Q‐Q‐plots of the residuals. Periodontal parameters (i.e., PD, BoP, and PI) were compared among treatment groups (i.e., DM and EM) as well as between BL and FE by dependent *t* test. Further, gap extent and space closure were compared between treatment groups (i.e., DM and EM) by dependent *t* test. Any differences in the frequency distribution of various parameters (i.e., incidence of GC development, gingival biotype, buccal bone dehiscence, GC type) between the treatment groups (i.e., DM and EM) were assessed by McNemar\'s test. By means of random effects logistic regression models any associations between the primary outcome parameter ("incidence of GC") and various secondary parameters (i.e., "treatment group" \[DM, EM\], "time‐point" \[BL, 3 m, FE\], "gender," "jaw," "craniofacial growth" \[horizontal, regular, vertical\], "gingival biotype" \[thin, thick\], "buccal bone dehiscence" \[present, absent\], "space closure") were assessed in two steps. First, "treatment group" and "time‐point" were tested together with one of the following parameters: "gender"; "jaw"; "craniofacial growth"; "gingival biotype"; "buccal bone dehiscence"; "space closure." Thereafter, "treatment group" and "time‐point" and all parameters being significant on a 0.20‐level in the separate analyses were combined in the final model. Additionally, the average space closure of all extraction sites (i.e., independent of the treatment group) after 3 and 6 months, respectively, was calculated. Extraction sites were grouped as "slow movers" and "fast movers" when being below or above the mean average space closure. Any difference in the frequency distribution in terms of GC development between "slow movers" and "fast movers" was assessed by χ^2^‐test. Statistical analysis was performed using statistical software[3](#jper10451-note-0003){ref-type="fn"} and *P*‐values \< 0.05 were considered as statistically significant.

3. RESULTS {#jper10451-sec-0120}
==========

3.1. Study population {#jper10451-sec-0130}
---------------------

In total, 36 patients, whose orthodontic treatment plan included bilateral extraction of a premolar, were assessed for eligibility. Eleven patients were not included because of various reasons (e.g., insufficient compliance, change of treatment plan, denied participation), while 25 were included and allocated to receive treatment. Four patients were lost to follow‐up (i.e., two did not want to continue, two lacked compliance). Hence, 21 patients were finally analyzed 6 months after space closure initiation; that is, 21 patients (six males, 15 females; mean age: 19.8 years; horizontal/regular/vertical craniofacial growth: 13/5/3 patients) contributed with 26 jaws (nine upper, 17 lower) to the analysis (Figure [2B](#jper10451-fig-0002){ref-type="fig"}).

3.2. Periodontal parameters {#jper10451-sec-0140}
---------------------------

The periodontal parameters (i.e., PD, BoP, and PI) are summarized in Table [1](#jper10451-tbl-0001){ref-type="table"}. At BL, average PD at the teeth adjacent to the EM extraction sites was about 0.5 mm higher compared with those adjacent to the DM extraction sites. Average PD at the teeth adjacent to the gap increased significantly over time until FE in both DM and EM groups, but there was no inter‐group difference at FE. Nevertheless, average PD stayed below 3 mm and only two patients presented a PD ≥ 5 mm, at only one site each (both at FE, one each of the DM and EM group). Differences in BoP and PI between treatment groups and between BL and FE were not statistically significant, but BoP and PI presented generally relatively high average values (i.e., above 40% and 70%, respectively).

###### 

Periodontal parameters at BL and FE (mean ± SD)

                        BL              FE              *P*‐value
  --------- ----------- --------------- --------------- -------------
  PD (mm)   DM          2.05 ± 0.46     2.69 ± 0.67     **\<0.001**
            EM          2.49 ± 0.46     2.74 ± 0.57     **0.041**
            *P*‐value   **\<0.001**     0.420           
  BoP (%)   DM          44.44 ± 28.09   52.78 ± 32.10   0.213
            EM          52.36 ± 28.21   44.79 ± 30.67   0.349
            *P‐value*   *0.219*         *0.298*         
  PI (%)    DM          72.92 ± 33.27   72.22 ± 31.63   0.911
            EM          70.14 ± 29.48   71.88 ± 32.40   0.839
            *P*‐value   0.416           0.936           

Statistically significant P‐values are indicated in bold.

BL, baseline; BoP, bleeding on probing; DM, delayed movement; EM, early movement; FE, final evaluation; PD, probing pocket depth; PI, plaque index; SD, standard deviation.

John Wiley & Sons, Ltd.

3.3. Gingival cleft development and possible predictor variables {#jper10451-sec-0150}
----------------------------------------------------------------

The characteristics of the extraction sites, GC, and tooth gaps are summarized in Table [2](#jper10451-tbl-0002){ref-type="table"}. In general, BL characteristics (i.e., gingival biotype, presence of a buccal bone dehiscence, and gap extent) were comparable between the DM and EM groups. Further, space closure did not differ between DM and EM at 3 m and FE. GC development was a frequent finding in both groups at 3 m (DM: 53.9%; EM: 69.2%) with ≈3 mm remaining gap extent and at FE (DM: 76.9%; EM: 88.5%) with ≈1.5 mm remaining gap extent, but no significant difference was observed regarding the incidence of GC at 3 m and FE between DM and EM (Figure [3A](#jper10451-fig-0003){ref-type="fig"}). All the GC diagnosed at 3 m were still present at FE. Most GCs were complex (i.e., through‐and‐through clefts), with no statistically significant differences between DM and EM; that is, at 3 m, 71.4% and 55.6% and at FE, 80.0% and 78.3% at DM and EM sites, respectively. A representative patient case developing a GC at both extraction sites is presented in Figure [1F--1L](#jper10451-fig-0001){ref-type="fig"}.

###### 

Characteristics of the extraction sites, GCs, and tooth gaps

                                                                                                                  Extraction/BL[a](#jper10451-tbl2-note-0002){ref-type="fn"}   3 m           FE                                        
  --------------------------------------------------------------------- ----------------------------------------- ------------------------------------------------------------ ------------- ------------- ------------- ------------- -------------
  Gingival biotype[b](#jper10451-tbl2-note-0003){ref-type="fn"}         Thin/thick (n)                            8/18                                                         9/17          −             −             −             −
  Buccal bone dehiscence[b](#jper10451-tbl2-note-0003){ref-type="fn"}   Absent/present (n)                        16/9                                                         18/8          −             −             −             −
  GC type (n)[b](#jper10451-tbl2-note-0003){ref-type="fn"}              None/buccal/lingual/through‐and‐through   −                                                            −             12/4/0/10     8/7/1/10      6/4/0/16      3/4/1/18
  GC width (mm)                                                         Mean ± SD                                 −                                                            −             4.25 ± 0.50   3.06 ± 0.78   3.25 ± 0.50   3.80 ± 1.30
                                                                        Min; max                                  −                                                            −             4; 5          2; 4          3; 4          3; 6
  GC depth (mm)                                                         Mean ± SD                                 −                                                            −             2.93 ± 0.58   2.64 ± 1.03   3.75 ± 1.28   3.52 ± 1.53
                                                                        Min; max                                  −                                                            −             2; 4          1; 5          1; 6          1; 7
  Gap extent (mm)[c](#jper10451-tbl2-note-0004){ref-type="fn"}          Mean ± SD                                 7.21 ± 0.71                                                  7.43 ± 0.60   3.0 ± 1.55    3.12 ± 1.33   1.55 ± 1.50   1.49 ± 1.37
                                                                        Min; max                                  6.2; 9.4                                                     6.2; 8.5      0.3; 5.5      0.5; 5.7      0.0; 4.0      0.0; 4.6
  Gap extent (categorial; n)                                            ≤0.5/\>0.5−2/\>2 mm                       0/0/24                                                       0/0/24        1/8/15        1/3/20        9/5/9         6/9/8
  Space closure (mm)[c](#jper10451-tbl2-note-0004){ref-type="fn"}       Mean ± SD                                 −                                                            −             4.21 ± 1.13   4.31 ± 1.12   5.64 ± 1.21   5.94 ± 1.35
                                                                        Min; max                                  −                                                            −             2.4; 6.3      2.0; 6.2      3.6; 7.3      3.1; 7.7

BL, baseline; DM, delayed movement; EM, early movement; FE, final evaluation; GC, gingival cleft; max, maximum; min, minimum; SD, standard deviation.

Gingival biotype and buccal bone dehiscence were recorded at time‐point of tooth extraction, the other parameters at BL.

Statistically insignificant differences in the frequency distribution between treatment groups (i.e., DM and IM) according to McNemar\'s test at all available time‐points (*P* \> 0.05).

Statistically insignificant differences between treatment groups (i.e., DM and IM) according to dependent *t* test at all available time‐points (*P* \> 0.05).

John Wiley & Sons, Ltd.

![(**A**) Frequency distribution of gingival cleft (GC) development at 3 months (3 m) and final evaluation (FE) between the treatment groups (i.e., delayed \[DM\] and early movement \[EM\]); corresponding *P*‐values are presented above the bars. (**B**) Frequency distribution of GC development at 3 months and FE between extraction sites with space closure below or above the average space closure; corresponding *P*‐values are presented above the bars](JPER-91-572-g003){#jper10451-fig-0003}

Craniofacial growth could not be considered for the random effect logistic regression model, because all three patients with a vertical craniofacial growth presented at both 3 m and at FE with a GC, which impeded to include this parameter due to perfect prediction. Further, the results of the first step of the random effects logistic regression model showed that only gender (coefficient: −2.16, 95% CI: −6.51 to 2.20, *P* = 0.331) should not be included in the final model. Jaw (coefficient: −2.68, 95% CI: −5.53 to 0.17, *P* = 0.065; increased risk for upper jaws), gingival biotype (coefficient: −3.62, 95% CI: −7.48 to 0.24, *P* = 0.066; increased risk for thin biotype), buccal bone dehiscence (coefficient: 2.00, 95% CI: −0.28 to 4.28, *P* = 0.085; increased risk in the presence of a buccal bone dehiscence), and space closure (coefficient: 11.28, 95% CI: 4.93 to 17.63, *P* \< 0.001; increased risk per mm) appeared relevant and should be included in the final model. Treatment group (*P* = 0.014) and space closure (*P* = 0.001) remained statistically significant in the final model (Table [3](#jper10451-tbl-0003){ref-type="table"}). Specifically, EM and a larger space closure within the study period resulted in a higher incidence of GC. The risk for GC development was increased 7.5 times by EM and 12.3 times per mm of space closure. The model also indicated a tendency for increased risk of GC development in the presence of a buccal bone dehiscence (*P* = 0.052) and of a thin gingival biotype (*P* = 0.054). Further, average space closure at 3 m was 4.3 mm and at FE, 5.8 mm, respectively. "Fast movers" had a statistically significant higher incidence of GC at both 3 m and FE compared with "slow movers" (Figure [3B](#jper10451-fig-0003){ref-type="fig"}). In "fast movers," a GC developed already after 3 months in \>90% of the cases, while in "slow movers," a GC developed in 25% and 70% after 3 months and FE, respectively.

###### 

Final random effects logistic regression model on the evaluation of possible predictor variables on the development of a gingival cleft

                                             95% CI           
  ------------------------ --------- ------- -------- ------- -----------
  Jaw                      Upper     1.00                     0.069
                           Lower     −6.74   −13.99   0.52    
  Gingival biotype         Thin      1.00                     0.054
                           Thick     −6.27   −12.64   0.11    
  Buccal bone dehiscence   Absent    1.00                     0.052
                           Present   6.85    −0.07    13.77   
  Space closure            mm        12.29   5.23     19.34   **0.001**
  Time‐point               3 m       1.00                     0.088
                           FE        4.59    −0.69    9.87    
  Treatment group          DM        1.00                     **0.014**
                           EM        7.52    1.51     13.54   

Statistically significant P‐values are indicated in bold.

3 m, 3 months; CI, confidence interval; DM, delayed movement; EM, early movement; FE, final evaluation.

John Wiley & Sons, Ltd.

4. DISCUSSION {#jper10451-sec-0160}
=============

Development of a GC during orthodontic space closure, for example after extraction of permanent teeth, is a frequent finding (35% to 100%)[2](#jper10451-bib-0002){ref-type="ref"}, [3](#jper10451-bib-0003){ref-type="ref"}, [4](#jper10451-bib-0004){ref-type="ref"}, [5](#jper10451-bib-0005){ref-type="ref"}, [6](#jper10451-bib-0006){ref-type="ref"} and GCs are associated with orthodontic, periodontal, and aesthetic concerns.[2](#jper10451-bib-0002){ref-type="ref"}, [4](#jper10451-bib-0004){ref-type="ref"}, [5](#jper10451-bib-0005){ref-type="ref"}, [8](#jper10451-bib-0008){ref-type="ref"}, [9](#jper10451-bib-0009){ref-type="ref"}, [10](#jper10451-bib-0010){ref-type="ref"}, [11](#jper10451-bib-0011){ref-type="ref"}, [12](#jper10451-bib-0012){ref-type="ref"} Excision of a GC is recommended shortly before or right after space closure is achieved,[18](#jper10451-bib-0018){ref-type="ref"} whereas resolution over time without any intervention cannot be expected in all cases (i.e., GC can persist for years).[4](#jper10451-bib-0004){ref-type="ref"}, [5](#jper10451-bib-0005){ref-type="ref"}, [19](#jper10451-bib-0019){ref-type="ref"} Thus, measures to avoid or minimize the risk for GC development are welcome.

It is known that marked dimensional changes of the alveolar ridge occur during the first 6 months after tooth extraction. These dimensional changes are amounting to a horizontal bone loss of 29% to 63% (corresponding to 2.5 to 4.5 mm) and a vertical bone loss of 11% to 22% (corresponding to 0.8 to 1.5 mm), mostly affecting the buccal aspect of the ridge.[20](#jper10451-bib-0020){ref-type="ref"}, [21](#jper10451-bib-0021){ref-type="ref"} One of the mechanisms potentially leading to GC development is the advanced alveolar ridge resorption before initiating space closure. Hence, interventions, that reduce the significant post‐extraction resorption modeling of the alveolar ridge, may also reduce the incidence of GC. Indeed, a few clinical reports, including a limited number of patients (i.e., three to 10)[22](#jper10451-bib-0022){ref-type="ref"}, [23](#jper10451-bib-0023){ref-type="ref"}, [24](#jper10451-bib-0024){ref-type="ref"} described in general a reduced tendency for development and severity of GC when a socket preservation technique was used (i.e., guided tissue regeneration or grafting) prior to orthodontic space closure initiation. In this context, results from a preclinical in vivo study have indicated that early orthodontic space closure initiation may reduce this significant resorption modeling. Specifically, bilateral extraction of the second incisors was performed in three dogs, and orthodontic space closure was initiated either immediately or 12 weeks after extraction. This represents a time‐point, where extraction socket healing and post‐extraction resorption modeling is completed in the dog.[15](#jper10451-bib-0015){ref-type="ref"} After an 8‐week bodily tooth movement period and a 2‐month retention period, clinical and histological parameters were recorded. The results revealed that sites involving immediate tooth movement showed a broader alveolar process with higher bone density---but less mature bone---and a reduced tendency for GC development, compared with sites involving delayed tooth movement. These latter sites showed reduced bone density and more mature bone, pronounced horizontal atrophy of the alveolar process, and increased tendency towards gingival invagination. Thus, the present study was designed expecting that early orthodontic space closure initiation after tooth extraction---an easy, low‐cost, and low‐morbidity alternative to ridge preservation procedures---would reduce the incidence of GC, compared with a delayed orthodontic space closure initiation. Indeed, another study with a parallel arm design, published just after the present study was concluded, showed a tendency for lower incidence of GC with early versus delayed movement for space closure (i.e., 2 to 4 weeks versus ≥12 weeks after tooth extraction).[3](#jper10451-bib-0003){ref-type="ref"} However, the present study showed that early tooth movement initiation increased the risk of GC development, seemingly contradicting the currently available scarce evidence on the topic. A possible explanation for the observed differences between the current and the above‐mentioned study can be that the timeframe corresponding to the early and delayed groups was different (1 versus 2 to 4 weeks and 8 versus ≥12 weeks, respectively); thus, representing histologically different stages of healing of the post‐extraction socket. Specifically, in a histological report of trephine biopsies from human extraction sockets, woven bone occupied between 2% and 34% of the biopsy after 2 to 4 weeks of healing. While after 6 to 8 weeks in most of the cases woven bone was ≥20%, and after 12 to 21 weeks it was ≥33% in most of the cases.[25](#jper10451-bib-0025){ref-type="ref"} In contrast, it is expected that 1 week after extraction the socket is largely filled with granulation tissue and there is no woven bone.[26](#jper10451-bib-0026){ref-type="ref"} In that perspective, it seems reasonable to suggest waiting for a few weeks before starting to move the tooth, so that some amount of woven bone has formed in the extraction socket in order to reveal the benefits of orthodontically induced bone remodeling and/or modeling.

An interesting/important finding in this study was that, among the assessed parameters, the strongest predictor for GC development was space closure. Specifically, the risk for GC development was increased about 12 times per mm additional space closure. This resulted in a significantly higher incidence of GC at 3 and 6 months in sites with space closure above versus sites with space closure below the average; that is, "fast movers" presented a higher incidence of GC (Figure [3B](#jper10451-fig-0003){ref-type="fig"}). The concept of "slow movers" and "fast movers" in orthodontic treatment describes, that there is a distinct variation in the distance (shorter versus longer, respectively) the teeth move among individuals within a given timeframe despite application of the same orthodontic force. This has been described previously in a few preclinical in vivo experiments[27](#jper10451-bib-0027){ref-type="ref"}, [28](#jper10451-bib-0028){ref-type="ref"}, [29](#jper10451-bib-0029){ref-type="ref"} and in one clinical trial.[30](#jper10451-bib-0030){ref-type="ref"} Indeed, in the above‐mentioned pre‐clinical in vivo study showing a reduced tendency for GC development in the early movement group compared with the delayed movement group, teeth in the delayed movement group moved ≈1.4 times faster than in the early movement group.[15](#jper10451-bib-0015){ref-type="ref"} Similar, in the above‐mentioned clinical study, where a tendency for lower incidence of GC with early versus delayed space closure initiation was observed, space closure in patients in the delayed movement group was complete on average after 7.5 months, whereas space closure in those in the early movement group took on average 9.4 months.[3](#jper10451-bib-0003){ref-type="ref"} Thus, it appears that there was an accumulation of "fast movers" in the delayed movement group in that parallel arm study. This in turn could also explain the discrepancy in the results compared with the present study; such interindividual differences are better controlled herein due to the split‐mouth design. It can thus be assumed that in "fast movers," tissue remodeling is slower compared to the speed of tooth movement, and thus mechanical compression of the gingiva leads to the piling‐up of the soft tissue and to GC development. In this context, the relative importance of another still not explored factor that may influence GC development, is the degree of socket corticalization, that is, the formation of the hard tissue bridge covering the socket entrance. In a recent cross‐sectional radiographic study, corticalization 6 to 9 months after extraction was concluded in 40% of the sockets, and in about 80% of the sockets after 9 to 12 months.[31](#jper10451-bib-0031){ref-type="ref"} Hence, it may be that the tooth can move faster towards an extensively modeled yet not corticalized socket, compared with tooth movement towards a site that has already corticalized. Future studies could focus on the possible impact of corticalization of the extraction socket as well as of controlled speed of space closure on GC development; for example, whether a slow movement, for example based on the present results \<1 mm per month, which in turn would give the soft tissue sufficient time for remodeling, might reduce incidence of GC.

Several other parameters have been considered herein possibly associated with GC development. However, only presence of the buccal crest at a level ≥2 mm lower than that of the lingual crest and presence of a thin gingival biotype were marginally not statistically significant. One may speculate that both parameters are associated with larger post‐extraction resorption of the alveolar ridge, compared with sites where the buccal and lingual alveolar crest are on the same level or with sites with thick gingival biotype. This is compatible with the notion that advanced alveolar ridge resorption before initiating space closure is one of the mechanisms leading to GC development. Another potential parameter---craniofacial growth---could not be included in the analysis herein due to the limited number of patients with a vertical craniofacial growth (*n* = 3). However, as all three patients developed a GC already after 3 months, it might be an interesting parameter for future studies with a larger sample size.

Herein, periodontal parameters (i.e., plaque and bleeding indices, PD) had been recorded at BL and at FE, but not consistently over time. Plaque and bleeding values appear high at BL (i.e., above 40% and 70%, respectively) in the present group of patients, even though all patients regularly received oral hygiene instructions prior to initiating orthodontic treatment. This might be, at least partly, because BoP and PI values were recorded only on the tooth aspects next to the tooth gap, that is, they are not full‐mouth scores. One may thus consider that the specific orthodontic appliances, including a coil spring, at that specific part of the arch, were obviously challenging for young adults. Indeed, mean PD increased statistically significant during the study, but average values remained \<3 mm and only two patients presented a PD ≥ 5 mm at only one site each at FE. As mentioned earlier, previous studies have reported that GCs are associated with impaired oral hygiene, increased PD and/or increased attachment loss at the neighboring teeth,[2](#jper10451-bib-0002){ref-type="ref"}, [4](#jper10451-bib-0004){ref-type="ref"}, [5](#jper10451-bib-0005){ref-type="ref"}, [11](#jper10451-bib-0011){ref-type="ref"}, [12](#jper10451-bib-0012){ref-type="ref"} but gingival health has not been associated with GC development.[4](#jper10451-bib-0004){ref-type="ref"} Lack of BoP and PI values during the course of the study, and the high BL values do not permit any meaningful evaluation of the possible impact of overall gingival health on GC formation herein.

5. CONCLUSION {#jper10451-sec-0170}
=============

GC development in the present study was indeed frequent (i.e., \>75% of the sites) and was associated with early tooth movement initiation, herein 1 week after extraction, and with "fast movers," herein cases where teeth moved ≥1 mm per month.
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